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Abstract 
A Pollution Load Model was developed for Biñan River Basin, one of the sub-basins of Laguna de Bay, 
Philippines, to estimate waste loads to surface water by different sources. This model consists of two major 
elements, a Pollution Load Generation module which quantifies the amount of pollution load at source and a 
Pollution Load Treatment module specifying the kind of treatment (capacity, efficiency, and location), the 
output of which is the estimated waste load discharged to the public waters after treatment. 
The annual waste load at source was estimated at about 9,592 MT for BOD (biochemical oxygen demand). 
After undergoing purifications or decay processes along the channels and waterways, BOD drops to 66% or 
6,388 MT, considered as the annual BOD loading from Biñan River that eventually enters Laguna de Bay. 
Domestic effluents predicted the highest at 3,850 MT (60%), followed by livestock sources at 1,446 MT (23%). 
The industrial and non-point sources contribute about 747 MT (12%) and 345 MT (5%) of annual BOD load, 
respectively.  
The Pollution Load Model, combined with regular monitoring programs for hydrologic and water quality, 
provides better understanding on the state of the river system  hence, are important evaluation tools for decision 
making. 
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1. Introduction 
Biñan River is located south of Metro Manila and is one of the tributary rivers of Laguna de Bay, the 
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largest and most important freshwater resource in the Philippines [5]. Biñan River traverses the towns of 
San Pedro and Biñan in the province of Laguna and the towns of Carmona, General Mariano Alvarez, 
Silang, Tagaytay City and part of Dasmariñas town in the province of Cavite [8]. Biñan River basin has 
an aggregate area of approximately 84 km2; the main channel length is about 30 km and drains north to 
northeast towards Laguna de Bay (see Fig. 1). This River basin consists of three principal rivers, namely: 
Biñan River as the main river body, while Soro-soro River and Carmona River serve as the tributary. The 
Soro-soro River has the longest channel length of about 29 km; Biñan River has a stream length of 18 km, 
while Carmona River has stream length of 10 km. 
 
 
Fig. 1. Satellite image view of the study area [19]. 
2. Methods 
The set-up and application of the pollution load model for this study was made to consider at least four 
sources: (1) non-point sources such as forest and grassland through natural degradation, (2) livestock 
farming and related activities, (3) inhabitants discharging domestic waste in the environment, and (4) the 
industries through its manufacturing processes. Eventually these wastes will flow in the water systems 
within the sub-basin and will end up in the lowest portion of the watershed, in this case Laguna de Bay.  
The Pollution Load Model consists of two major elements, a Pollution Load Generation module which 
quantifies the amount of pollution load at source and a Pollution Load Treatment module which specifies 
the kind of treatment (capacity, efficiency, and location), the output of which is the actual load discharged 
to the public waters after treatment. 
2.1. Pollution Load Generation Module 
A conventional unit-load approach was used to calculate the amount of pollution loads from various 
sources. In this approach, the ‘unit load’ is the amount of pollution load produced by one typical unit 
(such as one inhabitant, or one hectare of grassland). The unit load is multiplied with the number of units 
in a specific area (such as the number of inhabitant, or the extent of the grassland area) to obtain the total 
amount of pollution loads as illustrated in Table 1 below. 
Table 1. Illustration on how to estimate Generated Load using the Unit Load approach 
Generated load = Unit Load x Number of units 
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Domestic waste load = emission per inhabitant x number of inhabitants 
Industrial waste load = concentration in wastewater  x discharge of wastewater 
Agricultural waste load = concentration per unit area x surface area  
2.1.1. Waste loads from domestic and industrial sources 
In estimating the generated domestic waste load, the total population in Biñan River basin is computed 
by multiplying the population densities of each municipality [4] with the municipal area located inside the 
basin. The ‘unit load’ of various parameters for domestic source used in this study is shown in Table 2. 
Table 2. Waste load production in grams per capita per day (population equivalent), subdivided in gray water and toilets [1, 7]. 
Grams per capita per day BOD5 COD TKN Total P TSS
Grey 15 40 1 1.5 20
Toilets 35 35 13 0.8 48
Total 50 75 14 2.3 68
 
For industrial loading, the basis of the approach is where the total wastewater discharge rate per 
industrial sector is multiplied with the average concentration in industrial wastewater per sector [6], for 
each substance under consideration [9]. The resulting industrial waste load is discharged to the river 
system, and subsequently into Laguna de Bay.  
2.1.2. Waste loads from Agriculture (Non-Point Sources) 
From the general classification of the land use applied for Laguna de Bay sub-basins [8], estimates of 
the typical waste loads from various forms of land-use adopted in the study [3, 11] are shown in Table 3. 
Table 3. Typical waste loads from various forms of land-use 
Land Use type (kg/ha/yr) BOD5 COD TKN Total P TSS
Arable land  100 100 25 9.0 1,500
Plantation 50 50 0 0.5 40,000
Forest 50 50 0 0.5 40,000
Grassland 50 50 5 1.0 5,000
Built-up 100 200 5 0.5 1,000
Water Bodies 50 50 5 1.0 2,500
 
For waste load from livestock sources, the total number of livestock in the two provinces, Laguna and 
Cavite, were collected from the online database of the Bureau of Agricultural Statistics [12].  
2.2. Load Treatment Module 
Generated load is significantly decreased in many ways before it is finally discharged into public 
waters, as it is (artificially or naturally) treated or purified in treatment plants, septic tanks or local surface 
water systems. In this module, treatment of pollution loads can be described in several different 
formulations. As an illustration, a constant decay is commonly used in calculating the treatment of 
(domestic) waste loads in a septic tank. Using this method, the percentage of the input that is purified 
needs to be specified for each substance in consideration. For instance, an average removal rate of 40% 
for BOD for a low-efficient septic tank results in an output from the septic tank of some 60% of the 
original BOD load. 
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3. Results and discussions 
From the four clustered pollution sources – domestic, industry, livestock, and the non-point sources 
such as agriculture, the pollution load model predicted a total generated pollution load of about 9,592 MT 
(metric tons) of BOD for the year 2004 in Biñan River Basin. Population contributed to the largest 
portion of the total generated load of about 66%, livestock and industrial contribution is more or less at 
the same level with 19% and 10%, respectively, while the remaining 5% of the BOD came from the non-
point sources.  
After the generated loads from various sources undergo either artificial or natural treatment, 68% of 
the generated load was actually discharged into the main outlet as predicted by the model (i.e., from 
generated BOD load of about 9,592.1 MT to a discharged BOD load of 6,388.1 MT). The population is 
still the major contributor of the discharged load (about 60%), followed by livestock (23%), industrial 
(12%) and non-point sources (5%).  
The LLDA Waste Load Model [10] estimated a 4,024 MT discharged BOD load from Biñan sub-basin 
for the year 2000, with domestic source accounting to about 74.6%, while 6.43% and 9% came from 
industrial and agricultural sources, respectively [7]. The LLDA model result for year 2004 is not yet 
available; hence we could not directly compare and validate the accuracy of our model. However, it is 
expected that the estimated BOD load for year 2000 will continue to increase, as there are no significant 
environmental measures that have been operational in the study basin prior to 2004. As this study 
projected a load higher than the estimated 2000 BOD, this confirms the performance of the model, as 
model result is within the expected range.  
Also, the LLDA model has a different category of pollution sources as compared to the model 
configuration of this study. In the LLDA model, agricultural and forest are distinct sources of pollution 
loads, while livestock sources are included as part of industrial loads. 
Table 4 presents the detailed results of the generated and discharged loads for various pollution 
parameters under considerations. The contribution of non-point pollution sources can be significant, 
depending on the type of pollution considered. To illustrate, non-point sources contributed as little as 5% 
in BOD load but in terms of discharged TSS load, 82% of the total load came from this particular source.  
Table 4. Summary of predicted pollution loads from different sources. 
 Pollution Sources and Loads (MT/yr) BOD5 TKN TP COD TSS
Domestic 
Generated Load 6,411.1 1,154.0 294.9 9,616.6 8,719.1
Discharged Load 3,849.9 807.8 265.4 6,414.3    5,513.5
Livestock 
Generated Load 1,807.6 264.6 122.6 1,359.6 1,359.6
Discharged Load 1,446.1 211.7 110.4 1,359.6 339.9
Industrial 
Generated Load 933.8 85.2 16.0 2,645.9 653.0
Discharged Load 747.1 68.2 12.8 2,116.7 522.4
Non-Point Sources 
Generated Load 439.6 224.4 45.7 564.2 40,601.1
Discharged Load 345.1 176.2 35.8 442.9 31,871.8
Total 
Generated Load 9,592.1 1,728.2 479.2 14,186.3 51,332.8
Discharged Load 6,388.1 1,293.9 392.4 10,061.6 38,995.5
3.1. Allowable Maximum Load for Biñan River to meet Class C Water 
For conventional parameters such as BOD, it is possible to compute the total maximum load that can 
be allowed to enter the river system without degrading the said water body. For example, under the 
criteria set by the Philippines’ Department of Environment and Natural Resources Administrative Order 
No. 34 (DENR-DAO 34), the maximum (or threshold) BOD concentration for Class C water (suitable for 
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fishery use) is 7.0 mg.L-1 [6]. As the pollution load is just the product of volumetric flow rate and 
pollutant concentration, and using a mean discharge of about 3.30 m3.s-1 for Biñan River [7], the annual 
maximum BOD Load for Biñan River to meet Class C water is about 734.7 MT.  
From this computation, it appears that Biñan River has already exceeded the BOD Load for Class C 
water by more than 7.7 times i.e., the estimated load is about 6,388.1 MT while the maximum allowable 
BOD load is only about 734.7 MT for Class C water. 
3.2. Effluent Load Reduction Scenario 
The Pollution Load Model can be used as a management tool to assess the effectiveness of 
environmental enhancement programs/managerial strategies. As an illustration, the model is used to 
assess how much reduction in BOD load is predicted if a portion of domestic liquid waste is directed into 
a wastewater treatment facility. As the population of Biñan municipality covers about fifty percent of the 
whole basin population, a scenario was made assuming a planned wastewater treatment facility would 
cover 80 percent of that municipality with an assumed 70% treatment efficiency of the plant. The model 
was run by modifying the route of domestic source to include the wastewater treatment in the 
computation.  
Comparing the results from the previous base condition run, the model predicted that the total BOD 
load of Biñan River would reduce from 6,388.1 MT/yr (base case) to about 5,642.2 MT/yr or about 11.7 
percent reduction from the base condition. In terms of domestic source load, the model predicted a 24 
percent reduction rate (i.e., from 3,849.9 MT/yr to 3,104.0 MT/yr).  
4. Conclusions 
Through the used of a pollution load model, the amounts of pollutants by parameters and sources have 
been calculated.  Though the initial result would require further validation and calibration, the initial 
results can be used as basis for the formulation of development and restoration plan for watershed. 
Quantitatively assessing the effectiveness of managerial strategies introduced in the basin can be done 
using the model developed from this study such as the managerial scenario presented in this report. 
In general, the model developed in the study area cannot claim to produce precise results, but the 
results easily match the criteria that are defined on the basis of what is known or inferred from LLDA 
studies and some water quality measurement data. To the extent that more information will become 
available, repeated simulations may produce better estimates.  
The Pollution Load Model, together with regular monitoring programs for hydrologic and water 
quality, provides better understanding on the state of the river system hence, are important evaluation 
tools for decision making. 
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